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Transverse openings are often provided to reinforced Concrete beams to accommodate utility ducts 

and pipes. This Technique is usually adopted to avoid the creation of dead space In structures caused 

by extended dropped ceilings and leads to Significant cost saving. On the other hand, the provision 

of openings through a beam creates a reduction in its strength and Affects serviceability. In this 

study, eight reinforced concrete beams were cast using M25 concrete. To ensure Compliance with 

the requirements provided by the codes of Practice and to check the required strength with the 

respective grade of concrete cube samples were casted for each pair of beams. The effect of size of 

openings from one support of beam at distance of L/4 was investigated through subjecting the 

beams to a two-point bending test after 28 days of curing. Maximum load capacity, first cracking 

load, and deflections were recorded and crack pattern and failure mode were evaluated. The 

provision of openings in the beams shows changes in terms of ultimate load capacity or first crack 

instant. Provisions of openings shows reduction in Ultimate strength. For 20 mm openings 

reduction is upto 12%, for 25 mm openings reduction is 22% and for 40 mm openings reduction is 

25 %.  
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1. Introduction 

In modern building construction, a network of pipes and ducts is essential for accommodating 

critical services such as water supply, sewage, air conditioning, electricity, telephone lines, and 

computer networks. Typically, these pipes and ducts are installed beneath the beam soffit and 

concealed with a suspended ceiling for aesthetic purposes, creating a dead space. Introducing 

transverse openings in floor beams allows these ducts to pass through, reducing dead space 

and resulting in a more compact and efficient design. While the space savings in smaller 

buildings may not be substantial, in multi-story buildings, reducing story height can lead to 

significant overall savings in building height, material usage for ducts, risers, walls, and 

foundation loads. The inclusion of openings in beams alters their structural behaviour. 

Openings can be circular, rectangular, or irregular in shape, and are often located near supports 
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where shear stresses are high. Therefore, the impact of these openings on reinforced concrete 

(RC) beam performance must be carefully investigated. Factors such as the size, shape, 

placement, and spacing of openings play crucial roles in determining beam strength and 

stability. It is essential to analyse changes in ultimate load capacity, crack patterns, and flexural 

strength, and to compare these findings with solid beam sections. 

A circular opening is considered large if its diameter exceeds 40% of the beam's effective depth 

(d), while a square opening is classified as large if its height surpasses 0.25d. Previous studies 

have tested RC beams with varying shapes, sizes, and horizontal locations of openings. Results 

indicate that openings located in the flexural zone have a lesser impact on beam performance 

compared to those in the shear zone. Among different shapes, circular openings cause the least 

reduction in ultimate load. Additionally, stress concentrations are observed around the corners 

of openings, often leading to transverse cracks. The presence of openings can also reduce beam 

stiffness, resulting in excessive deflection under service loads and altered internal force 

distributions. Research indicates that openings in beams introduce potential weak points, and 

failure patterns are often observed traversing the openings, except in cases where the opening 

is very close to the support. Numerous experimental and analytical studies have been 

conducted to evaluate the effects of openings on beams under different conditions. The current 

research focuses on varying hole diameters positioned at a distance of L/4 from one end of the 

beam. 

1.1  Objectives 

• To evaluate the impact of transverse openings on the structural behavior and flexural 

performance of reinforced concrete (RC) beams. 

• To analyze the influence of opening size, shape, placement, and spacing on the 

strength, stiffness, and stability of RC beams. 

• To study changes in ultimate load capacity, crack patterns, and flexural strength in 

beams with openings compared to solid beam sections. 

 

2. EXPERIMENTAL PROGRAM 

2.1 Description of Beams 

M25-grade concrete beam specimens were prepared and tested, including two solid beams as 

reference samples for comparison with beams containing openings. Each beam measured 1000 

mm in length with a span of 760 mm, a cross-section width of 100 mm, and a height of 150 

mm. Table-1 outlines beam specifications, including opening diameters and distances from 

supports. Beam notation includes "S" for solid beams, "O" for beams with openings, and a 

number following "O" indicating the opening diameter in millimeters. 

TABLE-1: Detail of beams that used in this research 
Beams Diameter of opening Distance of opening from one end 

S-1 -- -- 

O-20 20mm 250mm 

O-25 25mm 250mm 

O-40 40mm 250mm 
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Fig-1 Solid beams with Cubes of M25 Grade      Fig-2 Beams with opening of 20 mm dia. 

        

Fig-3 Solid beams with Cubes of M25 Grade        Fig-4 Beams with opening of 20 mm dia. 

2.2 Test Procedure 

This research considered one variable: the size of the openings at fixed distance from one end 

of beam. The proposed three sizes are 20, 25 and 40 mm at a constant distance of 250 mm 

from the fixed end.  

 

Fig-5 Testing Setup of Controlled beam            Fig-6 Testing Setup of O-20 beam 
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Fig-7 Testing Setup of O-25 beam                        Fig-8 Testing Setup of O-40 beam 

 

3. PERFORMANCE ANALYSIS 

3.1  Flexural behaviour of beam test results 

Table No-2: Two Point Load Test Result 

Specimen 
First cracking load 

(kN) 

Ultimate 

cracking load 

(kN) 

Distance from near 
support 

(mm) 

Deflection (mm) 

Solid beam (S-1) 65 81.4 190 4.2 

Solid beam (S-2) 82 95.1 250 3.7 

Beam with opening 20mm (O1-20) 78 81 194 5.8 

Beam with opening 20mm (O2-20) 60 78.2 186 6.5 

Beam with opening 25mm (O1-25) 70 78.5 190 7.8 

Beam with opening 25mm (O2-25) 66 68.5 200 7.2 

Beam with opening 40mm (O1-40) 60 67.4 210 8.3 

Beam with opening 40mm (O2-40) 69 76.5 205 8.1 
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Fig-9 First cracking & Ultimate Load                     Fig-10 Load & Deflection of beam 

3.2 Crack Pattern  

Crack pattern and failure mode were observed, and Deflections at mid-span were recorded at 

each increment of Loading until failure. 

 

Fig-5 Testing on Controlled beam                              Fig-6 Testing on O-20 beam 

 

Fig-7 Testing on O-25 beam                                  Fig-8 Testing on O-40 beam 
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4. CONCLUSIONS 

The study was conducted to investigate the effect of hole opening on Flexural behaviour of 

RC beams. 

The main findings of this study are: 

• Openings in beams affect ultimate load capacity and crack initiation. 

• The first flexural crack load is unaffected by openings, but shear cracks near openings 

occur earlier than in solid beams. 

• Longitudinal bars above and below openings control cracks and flexural strains. 

• Diagonal bars and stirrups near openings enhance beam strength. 

• Openings reduce ultimate strength: 12% for 20 mm, 22% for 25 mm, and 25% for 40 

mm openings. 

• Additional reinforcement is needed to prevent strength reduction.                            

 

 

References 
1. P. Bodzak, Flexural behaviour of concrete beams reinforced with different grade steel and strengthened by 

cfrp strips Compos. Part B: Eng., 167 (2019), pp. 411-421 

2. Y.-Z. Zheng, W.-W. Wang, J.C. Brigham Flexural behaviour of reinforced concrete beams strengthened 

with a composite reinforcement layer: bfrp grid and ecc Constr. Build. Mater., 115 (2016), pp. 424-437 

3. D. Mirdan, A.R. Saleh, Flexural performance of reinforced concrete (rc) beam strengthened by uhpc layer 

Case Stud. Constr. Mater., 17 (2022), Article e01655 

4. L. Liu, S. Yu, X. Ma, Flexural capacity of rc beams reinforced with ecc layer and steel plate J. Build. Eng., 

65 (2023), Article 105781 

5. S.B. Singh, R. Patil, P. Munjal, Study of flexural response of engineered cementitious composite faced 

masonry structures Eng. Struct., 150 (2017), pp. 786-802 

6. S.J.E. Dias, J.A.O. Barros, W. Janwaen, Behavior of rc beams flexurally strengthened with nsm cfrp 

laminates Compos. Struct., 201 (2018), pp. 363-376 

7. Al-Fakih, M. Hisbany Mohd Hashim, R. Alyousef, et al. Cracking behavior of sea sand rc beam bonded 

externally with cfrp plate Structures, 33 (2021), pp. 1578-1589 

8. G.M. Chen, J.F. Chen, J.G. Teng, Behaviour of frp-to-concrete interfaces between two adjacent cracks: a 

numerical investigation on the effect of bondline damage Constr. Build. Mater., 28 (1) (2012), pp. 584-591 

9. R. Perera, D. Bueso-Inchausti, A unified approach for the static and dynamic analyses of intermediate 

debonding in frp-strengthened reinforced concrete beams Compos. Struct., 92 (11) (2010), pp. 2728-2737 

10. L. Ombres, Prediction of intermediate crack debonding failure in frp-strengthened reinforced concrete 

beams Compos. Struct., 92 (2) (2010), pp. 322-329 

11. Mostafa, A.G. Razaqpur, A nonlinear model for predicting intermediate crack-induced debonding in frp-

retrofitted beams in flexure Compos. Struct., 176 (2017), pp. 268-280 

12. Yazdanbakhsh, L.C. Bank, The effect of shear strength on load capacity of frp strengthened beams with 

recycled concrete aggregate Constr. Build. Mater., 102 (2016), pp. 133-140 

13. R. Kalfat, R. Al-Mahaidi, Development of a hybrid anchor to improve the bond performance of multiple 

plies of frp laminates bonded to concrete Constr. Build. Mater., 94 (2015), pp. 280-289 

14. A.K. El-Sayed, Effect of longitudinal cfrp strengthening on the shear resistance of reinforced concrete 

beams Compos. Part B: Eng., 58 (2014), pp. 422-429 

15. Y. Bai, T. Keller, Effects of thermal loading history on structural adhesive modulus across glass transition 

Constr. Build. Mater., 25 (4) (2011), pp. 2162-2168 

16. K. Dong, K. Hu, Development of bond strength model for cfrp-to-concrete joints at high temperatures 

Compos. Part B: Eng., 95 (2016), pp. 264-271 



1195 Mohammad Zuhair et al. Impact of Openings on the Flexural Performance...                                                                                               
 

Nanotechnology Perceptions Vol. 20 No. S1 (2024) 

17. J. Michels, R. Widmann, C. Czaderski, et al. Glass transition evaluation of commercially available epoxy 

resins used for civil engineering applications Compos. Part B: Eng., 77 (2015), pp. 484-493 

18. K. Yu, M. Lin, L. Tian, Y. Ding, Long-term stable and sustainable high-strength engineered cementitious 

composite incorporating limestone powder Structures, 47 (2023), pp. 530-543 

19. Z. Zhang, F. Yang, J.-C. Liu, et al., Eco-friendly high strength, high ductility engineered cementitious 

composites (ecc) with substitution of fly ash by rice husk ash Cem. Concr. Res., 137 (2020), Article 106200 

20. F. Yuan, J. Pan, C. Leung, Flexural behaviors of ecc and concrete/ecc composite beams reinforced with 

basalt fiber-reinforced polymer J. Compos. Constr., 17 (5) (2013), pp. 591-602 

21. V.S. Gopalaratnam, R. Gettu, On the characterization of flexural toughness in fiber reinforced concretes 

22. Cem. Concr. Compos., 17 (3) (1995), pp. 239-254 

23. J. Yang, M. Johansson, M. Al-Emrani, et al. Innovative flexural strengthening of rc beams using self-

anchored prestressed cfrp plates: experimental and numerical investigations 

24. Eng. Struct., 243 (2021), Article 112687 


